Introduction
In summer season the sudden decrease of sea level pressure (SLP) is the main reason for cyclone occurrence. As the SLP decrease the weather become unstable and the possibility of causing weather related extreme events increases. Cyclones originate from low atmospheric pressure which is quite common in Bangledesh. They generally occur in early summer from the month April-May or late rainy season from November-December (Choudhury, 1992) . Cyclones are responsible for the majority of extreme weather phenomena, governing the time of occurrence as well as the magnitude of their extreme values (Lionello et al., 2006) . Farukh and Baten (2015) studied 52 extreme cyclonic events occurred in Bangladesh and also found that lowering the SLP is the trigger of stating an extreme cyclone.
The basic parameters of extra-tropical cyclones in the northern Baltic were examined in relation to extreme sea level events at Estonian coastal stations between 1948 and 2010. The hypothesis was tested that extreme sea level events might be caused not by one intense extra-tropical cyclone, as suggested by earlier researchers, but by the temporal clustering of cyclones in a certain trajectory corridor (Post and Kouts, 2014) .
The relationship between Mediterranean precipitation and North Atlantic and European sea level pressure fields has been studied using statistical techniques to investigate the variability within the data. The largescale pressure fields which facilitate the precipitation patterns have been isolated using a canonical correlation analysis. The pressure-precipitation relationships are found to be very consistent over multi-decadal, seasonal, monthly and daily time-scales with trajectory analysis confirming many of the features of the average seasonal pressure charts (Thompson and Green, 2004) .
A storm surge is an extreme short-term (from minutes to a few days) variation in the sea level caused by high winds pushing against the surface of the sea. As the associated flooding threatens lives and property, this phenomenon has been widely described and studied in terms of its physical aspects, with the aim of simulating and forecasting sea-level behavior in case of extreme storm surges (Suursaar et al., 2003; . On the Polish coast the occurrence of extremely high sea levels depends on three components: a high initial sea level prior to the extreme event; a strong onshore wind that causes tangential wind-stress of the right duration and deformation of the sea surface by mesoscale baric lows and the subsequent production of so-called baric waves, which generate seiche-like variations of the sea level (Wiśniewski and Wolski, 2011) .In Bangladesh tropical cyclones are mainly formed due to the presence of low pressure area in BB and cyclones get momentum from the diurnal motion of the earth (Rahman, 2008) . Rainfall is another important parameter for measuring the damages of cyclones. Spring cyclones are characterized with rainfall present lower pressures and higher cyclone propagation velocity in contrast to the ones associated with winter and autumn precipitation events (Iordanidou et al., 2015) . Investigating the characteristics of the cyclones causing extreme precipitation is of great interest where the relatively small frequency of adverse weather and extreme events creates a false sense of safety that results many times in more damage and severe socioeconomic consequences (Lionello et al., 2006) . Miglietta et al. (2013) found that it is before the mature cyclone phase when the most intense convective activity and rainfall happens. So, that not only the heavy wind but the heavy rainfall also causes great damage to the areas where cyclones occur. Cyclones bring enormous rainfall along with it. This huge amount of rainfall causes rising the sea level which result in storm surges. Tsanis et al. (2012) and Jansa et al. (2001b) performed an analysis of cyclones associated with flood events, concentrating on the genesis, tracks and depth of those systems and found flood events are highly related to specific cyclone pathways. Cyclones trigger heavy rainfall result in flood events which is a great concern for the country like Bangladesh. Therefore, the present work was undertaken to find out the SLP and rainfall variation in southern coastal region of Bangladesh and relation of SLP and rainfall with cyclogenesis. Table 1 it is found that the number of cyclone occurrence is increasing with the increasing number of cyclones occurrence in the coastal areas of Bangladesh.
Methodology

Study Area
Weather Data
The in-situ data of climatic variables was collected from Bangladesh Meteorological department (BMD) at 16 measuring points from 1975 to 2014.
Data Analyses
Data Processing
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Results and Discussion
Sea level pressure and rainfall variation in southern coastal region of Bangladesh
We have studied 16 coastal stations and try to find out the most affected region by cyclone. In this part we have presented the 7 most affected coastal areas among the 16 areas we have studied.
Chittagong (Patenga)
Patenga is a sea port area situated in the Chittagong region. The figure 2(a) is drawn by using monthly SLP data in hPa of the year 1975-2014. SLP of this area was highest in the month of January and gradually decreased in the month of June. The average lowest and highest SLP observed in this region is 999hPa and 1017hPa respectively. The highest SLP was 1015hPa in the month of January and lowest 1002hPa in the month of June. Rather than decreasing, the SLP of this area slightly increased in the month of July. The surrounding water bodies have a great influence on its weather pattern. The minimum average rainfall is observed in the month of December and the value is 6mm. The maximum average rainfall is observed in the month of July and the value is 711mm. The maximum rainfall in this region is observed 1457mm in the month of August. From the 1500 century around 21 cyclonic storms caused great damage to this coastal area and caused huge death of animal and human. Infrastructural damages caused billions of dollar loss (Ahmed et al., 2012) . Cyclones of 1797, 1876, 1897, 1948, 1958, 1960, 1963, 1966, 1970, 1971, 1974, 1977, 1983, 1985, 1986, 1991, 1997, 1998, 2007, 2009 and 2015 
Cox's Bazar
The longest sea beach of the world is situated in this region. The figure 2(c) is drawn by using monthly SLP data of the year 1975-2014.The average lowest and highest SLP observed in this region was 999hPa -1016hPa. The minimum SLP of the region was 996hPa in the month of July and maximum SLP was 1019hPain the month of January. The SLP was highest in the month of December and gradually decreased in the month of July. The minimum average rainfall is observed in the month of January and the value is 4mm. The maximum average rainfall is observed in the month of July and the value is 823mm. Whereas, the maximum rainfall in this region is observed 1730mm in the month of July. Cyclones of 1963 Cyclones of , 1965 Cyclones of , 1974 Cyclones of , 1975 Cyclones of , 1983 Cyclones of , 1985 Cyclones of , 1994 Cyclones of , 1995 Cyclones of , 1997 Cyclones of , 1998 , severe cyclone Sidr, Aila and Komen caused damages in this area over the year. Recently, Cyclone Komen hit near Chittagong and Cox's Bazar. About 510,000 houses in the country were damaged or destroyed, and many residents lost their source of income as 667,221 acres (270,000 ha) of crop fields were damaged. The floods killed 132 people, of which at least 39 were directly related to Komen.
Barishal
The SLP in figure 2(e) of this area was highest in the month of January and gradually decreased in the month of July. The minimum SLP of the region is 993hPa and highest 1020hPa in the month of June and January respectively. The maximum average rainfall is observed in the month of July (400mm), whereas, the maximum rainfall was 1076mm in September. Cyclones of 1554, 1822, 1831, 1876, 1958, 1965, 1977, 1983, 1985, 1986, 1988, 1991, 1998, 
Patuakhali
The district is situated at southernmost part of the country. The SLP of this area (figure 2(g)) is highest in the month of December and gradually decreased and the lowest in the month of July. The lowest average of SLP observed in this region was 998hPa in the month of July and highest average was 1017hPa in the month of December. The minimum SLP was 993hpa observed in the month of July and maximum SLP was 1020hPa in the month of January. By this figure we can easily understand the long term rainfall of Patuakhali. The minimum average rainfall is observed in the month of December and the value is 5mm. The maximum average rainfall is observed in the month of June and the value is 520mm which is greater than the nearby station Bhola. The maximum rainfall in this region is observed 1084mm in the month of June. Cyclones in 1584, 1960, 1965, 1970, 1973, 1977, 1983, 1986, 1991, 1998 
Khulna
This district is situated at southern part of the country. The figure 2(i) is drawn by using monthly SLP data of the year 1975-2014 which shows us the maximum, minimum, average, average+sd and average-sd of SLP in this region. The SLP of this area (Figure 2(j) ) was highest in the month of January and gradually decreases in the month of July. The average lowest SLP observed in this region was 997hPa in the month of January and 1017hPa is highest in the month of July. The minimum SLP of the region was 993hPa observed in the month of July and maximum SLP was 1021hPa observed in the month of January. As the SLP decreased the possibility increased for the cyclone occurrence. Figure 4 is drawn by using the long term rainfall in mm from the year 1975-2014. From this figure we can easily observe that in Khulna the rainfall increases from the month of April and decreases from the month of November. July and August receive comparatively low rainfall that increases in the month of September. The average lowest rainfall observed in the month of December and highest average rainfall observed in the month of June and the value is 7mm and 332mm respectively. The maximum rainfall 846mm of the year observed in the month of June. As we already know association of rainfall with cyclone is very common phenomena. Because of its location this region got affected by cyclone very frequently. A huge number of cyclone attack the Khulna and its coast line in many years. In 1909 In , 1917 In , 1961 In , 1966 In , 1970 In , 1971 In , 1974 In , 1975 In , 1977 In , 1978 In , 1986 In , 1988 In , 1998 
Bhola
Bhola is another important area in the southern part of Bangladesh. It is covered by the rivers and that's why it is known as the largest island in Bangladesh. In this area the highest SLP was in the month of January and gradually decreased in the month of July ( figure 2(k) ). The average lowest SLP is 998hPa and highest average is 1017hPa in the month of June and December, respectively. The minimum SLP of the region was 993hpa in the month of June and maximum SLP was 1023hPa in the month of January. As the SLP decrease the weather become unstable and the possibility of causing weather related extreme events increase. , and a storm surge of 1.83m to 3.05m.
Hatiya
Hatiya is an Island which is situated in the southern part of the country. The SLP of this area (Figure 2 (m) ) was highest in the month of December and gradually decreases in the month of June. The average lowest SLP is 998hPa and 1016hPa in the month of June and December respectively. The minimum SLP of the region was 993hPa and maximum SLP is 1019hpa also in the months of June and December.
As the SLP decrease the weather become unstable and the possibility of causing weather related extreme events increases. As the summer season has the lowest SLP most of the cyclones occur in this time. Cyclones of 1822, 1963, 1983 and cyclone Sidr occur in May dramatically. Farukh and Baten (2015) also stated that this season is the second most cyclone occurring season. Figure 2(n) is showing the rainfall of Hatiya from the year 1975-2014 in mm. The minimum average rainfall is observed in the month of December and the value is 11mm. The maximum average rainfall is observed in the month of July and the value is 734mm. The maximum rainfall in this region is observed 1311mm in the month of August. From the year 1975-2014, three deadliest cyclones attacked this area causing great damages. In the year 1985, a severe cyclone hit Chittagong, Cox's Bazar, Noakhali and coastal islands (Sandwip, Hatiya, and Urirchar). Maximum wind speed at Chittagong was 154kmh 
Ensemble means of sea level pressure
The Figure 3 represents the Ensemble Means of SLP in hPa of all the 16 stations studied here. The figure is drawn by using the average SLP of Satkhira, Khulna, Mongla, Khepupara, Barishal, Bhola, Patuakhali, Hatiya, Chandpur, Feni, Swandip, Sitakunda, Chittagong, Kutubdia, Cox's Bazar and Teknaf, and the average of SLP of all 16 stations. From this figure, we can easily observe that the SLP was decreasing from the month of January and lowest in the month of June. Then the SLP was increasing slightly to the month of September and then a rapid increasing was observed from the month of October to December. Of all the stations in the month of June and July the lowest SLP was observed in the Khulna region and highest in Teknaf. In the month of December and January the highest and lowest SLP was found in the Month of January.
As we stated before, in September and October the SLP showed a rapid change which has a great possibility of occurring weather related extreme events. In fact many researchers also showed that in these months 60% of all cyclones occur (Farukh and Baten, 2015; Chowdhury, 2007) . March to June is second most vulnerable time for the formation of cyclone, because on an around 45% of cyclone from 1952-2010 has occurred in this time (Ali, 1999) . Severe cyclone Aila, Komen and Royanu also occur in this time period. Rahman (2008) stated that the one of the main cause of cyclone formation in BB is presence of low pressure area. As the fluctuation of SLP was high in the summer season the possibility of cyclone occurrence also rise in this season. Figure 4 shows the ensemble means of rainfall of all 16 stations we studied. The figure is drawn by using the average rainfall of Satkhira, Khulna, Mongla, Khepupara, Barishal, Bhola, Patuakhali, Hatiya, Chandpur, Feni, Swandip, Sitakunda, Chittagong, Kutubdia, Cox's Bazar and Teknaf and the average rainfall of all 16 stations. By this figure we can easily see that the average rainfall is lowest in the station Sitakunda and highest in Swandip. As we know the higher the rainfall lower the temperature and lower the rainfall indicate higher the temperature. The average rainfall of all district divided the stations into two parts. The rainfall of Barishal, Bhola, Chandpur, Mongla, Sitakunda and Khulna is lower the average of all district. This shows a great instability of weather in these regions. Rest of the stations has the higher average rainfall than the average rainfall of all stations. This is an important indicator of higher unstable weather situation in these areas. Because lower rainfall result is higher the temperature which can cause many cyclonic events in these areas. Hawcroft et al. (2012) evaluated the contribution of midlatitude cyclones to the precipitation of the Northern Hemisphere, showing association of precipitation with cyclones by over 70% in two different reanalysis dataset. Cyclone Komen struck in 2015 with a storm surge of 1.22 to 2.44 meters hit near Chittagong. About 510,000 houses in the country were damaged or destroyed, and many residents lost their source of income as 667,221 acres (270,000 ha) of crop fields were damaged.
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Conclusion
The study was conducted to investigate the variation of SLP in southern coastal region of Bangladesh from 1975 to 2014. We investigate the association of SLP with extreme cyclone events. The SLP was increasing slightly to the month of September and then a rapid increasing was observed from the month of October to December. Of all the stations in the month of June and July the lowest SLP was observed in the Khulna region and highest in Teknaf. In the month of December and January the highest and lowest SLP was found in the Month of January. As the fluctuation of SLP was high in the summer season the possibility of cyclone occurrence also rise in this season.SLP is the most important factor that has a role behind the cyclone occurrence. The trend of SLP in the 16 stations we studied shows a homogenous curve where from December to July SLP decreases and then it stared to increase. Sudden fluctuation of SLP was found in most of the station in the month of April-May when most of the cyclones occur.
Rainfall association with cyclone is very common phenomena that cause storm surges. In May-June, rainfall is highest in all of 16 stations. So a sudden storm surge caused by rainfall can resulted in a prolonged flood or flush flood. The average rainfall of all district divided the stations into two parts. The rainfall of Barishal, Bhola, Chandpur, Mongla, Sitakunda and Khulna is lower the average of all district. This shows a great instability of weather in these regions. Rest of the stations has the higher average rainfall than the average rainfall of all stations.
